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(57) ABSTRACT 

A seat belt retractor for a vehicle seatbelt has a belt reel for 
the Seat belt. A free-flowing load limiting medium is 
arranged in a working chamber. A displacement means is 
drivable by the belt reel. The load limiting medium is 
transported through at least one flow channel by the dis 
placement means. The flow cross-section in the flow channel 
is Selected as a function of the kinematic Viscosity of the 
load limiting medium, to achieve a belt force limitation 
profile over time which approaches that of a torque rod. 
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SEAT BELT RETRACTOR WITH HYDRAULC 
LOAD LIMITING 

FIELD OF THE INVENTION 

0001. The invention relates to a seat belt retractor. 

DISCUSSION OF THE PRIOR ART 

0002 U.S. Pat. No. 6,290,159 teaches a seatbelt retractor 
wherein the load limiting effect of a load limiter in the form 
of a hydraulic pump is adjusted as a function of a measuring 
Signal, which is formed by Sampling the rotary motion of the 
belt reel after blocking of the blockable part of the belt reel. 
A controllable valve with adjustable flow cross-section may 
be provided to this end. 
0003) A force limiter for a vehicle seatbelt is known from 
DE 2238 169 which takes the form of a shock absorber with 
movable Shock absorber pistons. 
0004 Alload limiter is likewise known from U.S. Pat. No. 
3,901,345 for a vehicle safety means, in which the damping 
behavior of a hydraulic damper in the form of a piston/ 
cylinder arrangement is adjusted. 

0005. A load limiter in the form of a damping means and 
constituting a component of a motor vehicle Safety System is 
known from DE 19963 580 C2, the damping medium of 
which is a rheological fluid of adjustable viscosity. The level 
of Viscosity of the fluid and thus the damping property of the 
load limiter may be adjusted by an electrical or magnetic 
field. 

0006. In the present invention, the flow cross-section of 
the at least one flow channel, through which the load 
limiting medium is transported by the displacement means, 
has a constant area, the dimensions of which are Selected as 
a function of the kinematic Viscosity of the load limiting 
medium within certain limits, as will be explained in detail 
below. 

0007 To move the load limiting medium, which com 
prises an incompressible, free-flowing medium, for example 
oil, in particular Silicone oil, a displacement means, for 
example a piston, may be provided which is driven by the 
belt reel via a rack and pinion gear. Moreover, a displace 
ment means may be used that takes the form of a piston 
movable along the belt reel axis and relative to which the 
belt reel is rotatable. The displacement means may be 
effected by the belt reel via a thread or via cutting engage 
ment. Due to the constant flow cross-section of the flow 
channel, a profile over time of the belt force may in 
particular be achieved which resembles that generated by a 
load limiter in the form of a torque rod. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIGS. 1a-1c shows various operating states of a 
first exemplary embodiment of a Seatbelt retractor accord 
ing to the present invention. 
0009 FIG. 2 is a sectional representation of a second 
exemplary embodiment. 
0.010 FIG. 3 shows a cutting piston that is used in the 
embodiment of FIG. 2. 

0.011 FIG. 4 is a schematic representation of a third 
exemplary embodiment in partial longitudinal Section. 
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0012 FIG. 5 shows a cross-section through the exem 
plary embodiment of FIG. 3. 
0013 FIG. 6 is a graph of a range for flow cross-sections 
of the flow channel in the case of a displacement means for 
various kinematic Viscosities of the load limiting medium. 
0014 FIG. 7 is a graph of a range for flow cross-sections 
of the flow channel in the case of rotary displacement means 
for various kinematic Viscosities of the load limiting 
medium. 

0.015 FIG. 8 shows the profile over time of belt extrac 
tion forces for a torque rod and for an exemplary embodi 
ment of the invention in the case of constant energy. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0016. The exemplary embodiments shown in FIGS. 1 to 
4 of a seatbelt retractor each have a belt reel 1 for a seatbelt 
8, which may be wound onto the belt reel 1 and taken off 
from the belt reel 1. In addition, the exemplary embodiments 
each have a load limiter, which is differently embodied in the 
various exemplary embodiments. 
0017. In the seatbelt retractor shown in FIGS. 1a-1c, the 
load limiter has a free-flowing load limiting medium 7 in a 
working chamber 2 located inside of a cylinder 14. Further 
more, the load limiter has in the working chamber 2 a 
displacement means in the form of a linearly movable first 
piston 3. In an overflow means at the upper end of the 
Working chamber 2 there is located a flow channel 6. The 
flow channel 6 opens into a collecting chamber 9, which is 
bounded by a second piston 17 that is movable against the 
force of a Spring 16. 
0018. The first piston 3 also has the function of a tight 
ening drive, as known for example from EP 0629531 B1. In 
the operating position shown in FIG. 1a, the first piston is 
at the end of the tightening Stroke, during which the Seatbelt 
8 was wound onto the belt reel 1 to tighten it. The piston 
movement is transmitted via a rack 10 to a pinion 11 that is 
in drive connection with the belt reel 1. 

0019. The mode of operation of the exemplary embodi 
ment shown in FIGS. 1a-1c in the event of force limitation 
is as follows. If tension above a force threshold is exerted on 
the seatbelt 8 in the operating position shown in FIG. 1a for 
example by the body of a forwardly displaced, seat-belted 
vehicle occupant, the belt reel 1 rotates in the opposite 
direction to the tightening direction. This rotational move 
ment is transmitted via the pinion 11 and the rack 10 to the 
first piston 3. If the force exerted by the forwardly displaced 
body of the vehicle occupant on the seat belt 8 exceeds the 
Set threshold, the first piston 3 is moved out of the operating 
position shown in FIG. 1a in the opposite direction to the 
tightening direction (from bottom to top in FIGS. 1a-1c). 
The load limiting medium 7 is transported out of the 
working chamber 2 through the flow channel 6 and con 
Sumes energy. The restraining force exerted on the Seat 
belted vehicle occupant by the seat belt 8 is limited or 
reduced thereby. The load limiting medium 7 flowing 
through the flow channel 6 passes into the collecting cham 
ber 9. The second piston 17 is moved against the force of the 
Spring 16, to enlarge the Volume of the collecting chamber 
9 (from top to bottom in FIGS. 1a-1c). As a function of the 
energy transmitted to the linearly movable first piston 3 upon 
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forwards displacement of the vehicle occupant, the Second 
piston is moved contrary to the tightening direction into a Set 
end position and a corresponding Volume of load limiting 
medium 7 moves out of the working chamber 2 through the 
flow channel 6 into the collecting chamber 9. The first piston 
3 may for example assume an operating position illustrated 
in FIG. 1b at the end of the piston movement. 
0020. The operating position illustrated in FIG. 1c forms 
an end Stop, as far as which the first piston 3 may be moved 
in the event of load limitation. The Spring 16 is compressed 
completely, into a block, in this operating State and the 
second piston 17, which defines the volume of the collecting 
chamber 9, is located in its end position. 

0021. In the exemplary embodiment illustrated in FIG.2, 
the load limiter includes a cutting piston 4, which is moved 
in the axial direction in a cavity in the belt reel constituting 
the working chamber 2. To this end, the cutting piston 4 
engages with cutting edges 18, which may cut into the 
material of the belt reel 1, in the internal circumferential 
surface of the drum of the belt reel 1. For this purpose, the 
cutting piston 4 has at least one obliquely positioned cutting 
edge 18 at its circumference. However, a plurality of, e.g. 
three cutting edges 18 (FIG. 3) may be distributed over the 
circumference. Such a piston is known as a driving piston, 
for example from DE 4342 666 C2 or EP 0778 182 A2, for 
a tightening drive for tightening the Seatbelt. At the Start of 
load limitation, the cutting piston 4 is in a starting position, 
which constitutes the operating position shown in FIG. 2 
with solid lines (at the right-hand reel end), for example. The 
cutting piston 4 adjoins an end disk 19 closing the belt reel 
cavity in fluid-tight manner. At the other end face, too, the 
inside of the belt reel is closed in fluid tight manner by a 
further end disk 19. The cutting piston 4 has one or more, 
e.g. three, flow channels 6 therethrough. Inside the belt reel 
1 the load limiting medium 7, which may be a Viscous liquid, 
for example Silicone oil, is located in the working chamber 
2. Outside the two end disks 19 are located toothed disks 13, 
in the circumferentially disposed teeth 20 of which a block 
ing means 12, for example blocking catches, may engage. In 
normal belt retractor operation, the end disks 19 and the 
toothed disks 13 are connected non-rotatably with one 
another. 

0022 Aguide bar 21 extends coincidental with in the axis 
of rotation of the belt shaft. The cutting piston 4 is mounted 
on the guide bar 21 So as to be displaceable in the axial 
direction. The guide bar 21 has a non-circular, e.g. Square, 
croSS-Section, Such that the rotary piston 4 is mounted 
non-rotatably thereon. The two toothed disks 13 are likewise 
connected non-rotatably with the guide bar 21. The two end 
disks 19 are mounted rotatably on the guide bar 21. 

0023) If a selected force threshold is exceeded by for 
wards displacement of the body of the seat-belted vehicle 
occupant in the event of the toothed disks 13 being blocked 
by a blocking means 12, the non-rotatable connection 
between the belt reel 1 and the toothed disks 13 is released, 
in particular in the area of the end disks 19. In this regard, 
Shearing pins, not described in any more detail, may be 
sheared off. Upon rotation of the belt reel 1, the rotary piston 
4 engages with its cutting edges 18, positioned obliquely 
relative to the axial direction, in the inner drum Surface of 
the belt reel 1 and is moved in the axial direction out of its 
Starting position (initial, right-hand position in FIG. 2) to the 
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left along the guide bar 21. Load limiting medium 7 is then 
moved through the at least one flow channel 6 in the rotary 
piston 4 out of the working chamber 2 located on one side 
(left-hand side) of the rotary piston 4 into the part of the 
working chamber 2 located on the other side (right-hand 
Side) of the rotary piston 4. Energy is thus consumed to limit 
the force acting between the body of the vehicle occupant 
and the Seatbelt 8. AS a function of the energy acting during 
forwards displacement of the vehicle occupant, the cutting 
piston 4 moves into an axial end position, which may for 
example be the dash-dotted position indicated in FIG. 2. The 
cutting piston 4 may be moved as far as into a final end 
position, shown by dashed lines, at the left-hand end of the 
belt reel 1. The end disk 19 located there acts as an end stop. 
The material of the cutting piston 4 may embed itself at the 
cutting edges 18 into the material of the belt reel 1 on axial 
movement of the rotary cutting piston 4. The material of the 
cutting piston 4 is harder than the material of the belt reel 1 
at least in the area of the internal circumferential Surface of 
the drum of the belt reel 1. Through the engagement of the 
cutting edge 18 positioned obliquely relative to the axial 
direction of the belt reel 1, rotary motion of the belt reel 1 
is converted into linear axial movement of the cutting piston 
4 as a result of the non-rotatable guidance along the guide 
bar 21. Axial displacement may however also be achieved 
by a thread, which acts between the belt reel 1 and the 
displacement means constructed as a piston, in particular a 
rotary piston. 

0024. In the exemplary embodiment illustrated in FIGS. 
4 and 5, a rotor 5, for example with one or more rotary 
Vanes, which comprise one or more flow channels 6, is 
moved in a load limiting medium 7 for the purpose of force 
limitation. 

0025 The working chamber 2 with the load limiting 
medium 7 and the displacement means in the form of a rotor 
5 is located in a housing 22, which is connected non 
rotatably with the blocking teeth 20. In normal operation of 
the seat belt retractor, the housing 22 rotates with the belt 
reel 1. If, in the event of forward displacement of the 
Seat-belted vehicle occupant, a force threshold is exceeded, 
the non-rotatable connection is released between the housing 
22 and the drum of the belt reel 1 on which the seat belt 8 
is wound. The rotor 5 remains non-rotatably connected with 
the belt reel 1. In the event of force limitation, the rotor 5 
rotates together with the belt reel 1, wherein the load 
limiting medium 7 is transported through the at least one 
flow channel 6 from one side of the rotor out of the working 
chamber 2 into the part of the working chamber 2 located on 
the other side of the rotor. For this purpose, energy is 
consumed and the force acting between the Seatbelt and the 
body of the seat-belted vehicle occupant is limited. Depend 
ing on the amount of energy used in the event of forwards 
displacement of the vehicle occupant, the rotor 5 is moved 
into an end position, optionally as far as an end Stop at the 
radially extending wall 15 fixed to the housing. 

0026. The cross-sectional area of the at least one flow 
channel 6 in the exemplary embodiments of FIGS. 1 to 5 is 
dimensioned within certain limits as a function of the 
Viscosity of the load limiting medium 7 and as a function of 
the type of displacement means. The range within which the 
croSS-Sectional area may be Selected is Selectable within a 
range, in the case of a linearly movable displacement means, 
such as for example a linearly movable first piston 3 of the 
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exemplary embodiment of FIG. 1 and a linearly movable 
piston 4 of the exemplary embodiment of FIG. 2, which is 
delimited by the two curves KL1 and KL2 of FIG. 6. The 
values of the viscosities of the load limiting medium 7 are 
plotted on the X-axis and the areas of the croSS-Sections of 
the flow channel or flow channels 6 are plotted on the y-axis 
of the graph. The cross-sectional areas Selectable in the case 
of linearly or translatorily drivable displacement means are 
located in the hatched Zone between the two delimiting 
curves KL1 and KL2. 

0.027 FIG. 7 shows the range for the cross-sectional area 
of the flow channel or flow channels 6 in the case of a 
displacement means constructed as a rotor, for example rotor 
5 in the exemplary embodiment of FIGS. 4 and 5. The range 
for the cross-sectional area Selectable as a function of the 
viscosity of the load limiting medium 7 is delimited by the 
two delimiting curves KR1 and KR2. As in FIG. 6, the 
kinematic Viscosities of the load limiting medium are plotted 
on the X-axis and the areas of the flow cross-sections of the 
flow channel 6 are plotted on the y-axis. 
0028 AS is clear from FIG. 8, where a constant energy 
acts on the Seatbelt 8 and where the cross-sectional area of 
the flow channel 6 is dimensioned in accordance with FIGS. 
6 and 7, a force effect Similar to that of a torque rod arranged 
along the axis of rotation of the belt reel is achieved. In FIG. 
8, the force acting on the belt webbing is plotted on the 
y-axis and the length of seat belt 8 taken off from the belt 
reel 1 during forwards displacement of the Seat-belted 
vehicle occupant is plotted on the X-axis. The Solid line 
denotes the force limiting curve of a torque rod and the 
dash-dotted line corresponds to the force limiting charac 
teristic curve of the exemplary embodiments, if the areas of 
the flow cross-sections are Selected within the ranges indi 
cated in FIGS. 6 and 7. If a plurality of flow channels are 
provided, the Sum of their flow cross-sections are So Selected 
that they lie in the hatched Zones of FIGS. 6 and 7. These 
Zones cover the energies occurring in accidents of varying 
Severity due to forward displacement of the respective 
vehicle occupant. 
0029. The invention has been described in detail with 
respect to preferred embodiments, and it will now be appar 
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ent from the foregoing to those skilled in the art, that 
changes and modifications may be made without departing 
from the invention in its broader aspects, and the invention, 
therefore, as defined in the appended claims, is intended to 
cover all Such changes and modifications that fall within the 
true Spirit of the invention. 

I claim: 
1. A Seat belt retractor comprising: 
a belt reel; 
a free-flowing load limiting medium arranged in a work 

ing chamber; 
a displacement means drivable by the belt reel; 
at least one flow channel through which the load limiting 
medium is transported by the displacement means, 

the flow cross-section in the at least one flow channel 
exhibits, as a function of the kinematic Viscosity of the 
load limiting medium, a constant area, the dimensions 
of which lie, in the case of a displacement means, in the 
range delimited by the two curves (KL1, KL2) (KR1, 
KR2) in FIG. 6 or, in the case of a rotary displacement 
means, in the range delimited by the two curves (KR1, 
KR2) in FIG. 7. 

2. The Seatbelt retractor according to claim 1, wherein the 
displacement means is driven by the belt reel via a rack and 
pinion gear. 

3. The Seatbelt retractor according to claim 1, wherein the 
displacement means is a piston movable along the belt reel 
axis, which piston is driven by the belt reel by means of 
cutting engagement. 

4. The Seatbelt retractor according to claim 1, wherein the 
displacement means is a rotary Vane rotor, which is con 
nected non-rotatably with the belt reel. 

5. The seat belt retractor according to one of claims 1 to 
4, wherein a belt force profile over time is produced at the 
seat belt which approaches the belt force profile of a force 
limiter constructed as a torque rod. 

k k k k k 


